Introduction
The prevalence of type 2 diabetes has been increasing rapidly throughout the world. It is estimated that approximately 592 million people worldwide will become diabetic by year 2035, with a global prevalence of 10.1%. 1 It is a global health problem because of its associated high morbidity and mortality. The primary cause of mortality in diabetic patients is cardiovascular diseases, whereas the major cause of morbidity is microvascular complications.
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The evidence associating red cell distribution width (RDW) with a higher risk of mortality has been expanding since the initial report of its prognostic utility in heart failure patients. RDW has also been shown to independently predict overall and cardiovascular mortality in the general population and various high-risk populations. 3, 4 It is also a strong predictor of mortality in many conditions such as obesity, malignancies, and chronic kidney diseases. 5 Being an independent predictive value for various diseases makes it imperative to be studied in diabetes mellitus.
The RDW is a quantitative measure of the heterogeneity of the volume of red blood cells (RBCs) with higher values reflecting greater heterogeneity in cell sizes (anisocytosis). It is originally used together with the mean corpuscular volume (MCV) in clinical practice to differentiate between causes of anemia. 6 Inflammation has been proposed as a component of diabetes. Patients with type 2 diabetes without atherosclerosis were found to have greater resting serum levels of acutephase reactants than healthy people. 3 Advanced glycation end products stimulate cytokine release from macrophages and these could act in concert with insulin deficiency and resistance to induce an acute-phase response. 7 Platelets, another element of the complete blood count (CBC), play a key role in the development of atherothrombosis, a major contributor of cardiovascular events, and represent the major cause of mortality in diabetes. Platelet aggregation and adhesion play a major role in intravascular thrombosis on top of atherosclerosis, resulting in cardiovascular and cerebrovascular events. They may also be involved as a causative agent in the development of micro-and macrovascular diseases in diabetes, with respect to altered platelet morphology and function. 8, 9 Platelet hyperactivity has been reported in diabetes both in vivo and in vitro. 10 Mean platelet volume (MPV) is an indicator of the average size and was suggested by some authors to be an indicator of the platelet activity and the state of thrombogenesis. 8, 10 Antiplatelets have been demonstrated to be very effective at decreasing myocardial infarction, stroke, and death. 11 Leukocytes are known to participate in the inflammatory process accompanying atherosclerosis. They are recruited at the site of endothelial injury and form foam cells in the atheromatous plaque. Interleukins and tumor necrosis factor-α are released from activated leukocytes and cause endothelial dysfunction. White blood cell (WBC) count is positively associated with increased cardiovascular mortality, mainly from coronary heart disease. 12 We aimed to use the CBC in type 2 diabetic patients as a simple and costless technique that is routinely done to investigate the state of various indices of blood elements, especially those which are claimed to have a role in the disease process and its complications, such as RDW, MPV, platelet count, and WBC count. We also elucidated the effects of various medications on these indices.
Patients and methods
We conducted a retrospective study that included 260 diabetic patients (98 females and 162 males) and 44 
Results
Patient and healthy control characteristics are listed in Table 1 . RDW was significantly higher in diabetic patients than healthy controls (P=0.008; Figure 1 and (Table 2 ).
In the patient group, no statistically significant correlations were noted between RDW and FPG, A 1c (P=0.22 and 0.781), blood pressure, or duration of diabetes. RDW was strongly and directly associated with the body mass index (P,0.0001). MCV showed to be inversely associated with BMI (P=0.016) and HbA 1c (P=0.048). Platelet count was inversely correlated with age (P=0.035), whereas the WBC count was directly associated with the duration of diabetes (P=0.049). MPV showed direct but insignificant correlation with FPG and HbA 1c (P=0.057 and 0.164, respectively). RDW, MCV, and MPV did not correlate significantly with any of the components of the lipid profile. Platelet count correlated inversely with TGs (r=−0.14, P=0.015) and directly with HDL (r=0.153, P=0.008). White cell count inversely correlated with both T-Ch and LDL (r=−0.155 and −0.152, P=0.007 and 0.008, respectively). MPV was inversely correlating with platelet count (r=−0.368, P,0.001; Table 3 ). WBC count was directly correlating with platelet count (r=0.16, P=0.01) and RDW, although the second correlation did not reach a statistical significance (r=0.118, P=0.059; Figures 2 and 3) .
Hypoglycemic agents, including insulin, metformin, sulfonylurea, pioglitazone, and dipeptidyl peptidase 4 inhibitors, did not show significant effects on any of the studied hematological indices (Table 5) . Both pre-and postmenopausal diabetic females showed significantly higher RDW and lower MCV when compared with men. No significant difference was found between preand postmenopausal women in any of the studied indices (Tables 6, 7 , and Figure 4) .
Discussion
In the present study, higher RDW in diabetic patients than healthy controls (P=0.008) indicates the presence of 
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red cell distribution width in type 2 diabetes patients anisocytosis, which is related to impairment of erythropoiesis and degradation of erythrocytes by fragmentation or agglutination. 13, 14 This occurs in the presence of chronic inflammation and increased level of oxidative stress. 15 Hyperglycemia has several effects on RBCs, besides formation of glycated hemoglobin, it leads to reduced deformability, changes in mechanical properties of RBCs, increased adhesion, and increased osmotic fragility, leading to changes in erythrocyte structure and hemodynamic characteristics. 16, 17 Hyperglycemia reduces RBC life span, leading to high variability of the RBC volumes. 18 Peterson et al has mentioned reduced average life span of RBCs in diabetic patients. 19 This was also demonstrated by Emilia who showed that an extracellular oxidative milieu can be responsible for erythrocyte caspase-3 activation in type 2 diabetes. Activated caspase-3 impairs the maintenance of erythrocyte shape and function, thus contributing to the shortened life span of RBCs. 20 The original studies of Peterson et al showed a modest but consistent increase in erythrocyte half-life after the establishment of tight glycemic control compared with the same patients studied in poor control. 19 In our study, there was a Cases Control
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Figure 3 no effect of clopidogrel on mean platelet volume (MPV) in diabetic patients (n=14) in comparison to control (n=44); P=0.89. significant difference in RDW, being significantly higher in patients with HbA 1c .7%, indicating shorter life span with anisocytosis in uncontrolled diabetes.
Our report of higher RDW in type 2 diabetes is in contrast to a report by Cakir et al who did not find such a difference (P=0.53). 21 Moreover, he did not find a significant difference in RDW in patients with HbA 1c ,7% or .7%. He also did not find a significant difference in RDW when diabetes duration was longer or shorter than 10 years. In our study, we did not observe a correlation between RDW and duration of diabetes (P=0.107).
Similar to our study, Vayá et al mentioned a significant strong correlation between RDW and BMI. 22 Obesity is associated with a low-grade inflammatory process in the white adipose tissue, 23, 24 so its association with RDW can be considered reasonable.
In agreement with our findings, Sherif et al did not observe significant correlations between RDW and HbA 1c , SBP, DBP, or duration of diabetes. 25 Contrary to our results, she did not find a significant correlation between RDW and BMI.
In Vayá et al's study, an inverse correlation was observed between RDW and TGs but was evident only in women (P,0.05). 22 In another study in the general population, Lippi et al found an inverse association with HDL in both sexes and a direct association with hypertriglyceridemia and cholesterol/HDL ratio only in women. 26 In our study, no significant associations between RDW and lipids were noticed.
We did not find significant effects of insulin, metformin, sulfonylurea, pioglitazone, or dipeptidyl peptidase 4 inhibitors on any of the studied hematological indices. To our knowledge, there are no previous reports about the effects of hypoglycemic agents on RDW or any of the other blood indices mentioned in our study.
In the present study, absence of a significant difference in MPV in type 2 diabetes is in consonance with results obtained by Akinsegun et al in Nigerian patients (P=0.593). 27 On the contrary, several other authors stated a significantly higher MPV in patients with diabetes, such as Hekimsoy et al 8 and Kodiatte et al. 28 This also agrees with the findings seen in studies conducted by Zuberi et al 9 and Jindal et al. 29 One explanation for the higher MPV is that a significant number of these studies was done in diabetic patients postmyocardial infarction.
Absence of a significant correlation between MPV and FPG or HbA 1c in our study is consistent with a report by Ünübol et al. 30 Similarly, Yenigün et al found no association between MPV and FPG, HbA 1c , patient age, duration of diabetes, or blood pressure. 31 This is also in agreement with our report and other reports. 32, 33 Similar to Kodiatte et al, we did not find a significant difference in MPV in patients with HbA 1c #7% or .7% and no association with the BMI was found. 28 On the other hand, positive correlations were demonstrated by Shah et al, 34 Akinsegun et al, 27 and De Luca et al 35 between MPV and FPG and duration of diabetes. They suggested that achieving good glycemic control may limit platelet activation and delay the onset and progression of vascular complications. Similar to De Luca et al, 35 we found an inverse relation between MPV and platelet count. However, in contrast to his report, we did not find a significant association of MPV with age, TGs, or statin use (Table 5 ).
In our study, an inverse correlation between MPV and platelet count is in agreement with the study conducted by Akinsegun et al. 27 This was explained to be as a result of small platelets being consumed in order to maintain a constant platelet functional mass. 36 Absence of a significant effect of aspirin on MPV is in agreement with the report by Colkesen et al. 37 In their study, aspirin-treated patients did not show a significant difference in MPV (P=0.9). In another study by Shah et al, MPV was a reproducible marker of platelet size and not affected by lowdose aspirin and was modestly associated with some, but not all, markers of platelet activity. 38 The absence of an effect of aspirin on MPV and the extent of platelet aggregation were also mentioned by De Luca et al. 39 Shechter et al mentioned individual variability of platelet response to clopidogrel. 40 In our study, there was no significant effect of clopidogrel on MPV.
The antiplatelet effects of perindopril and other angiotensin-converting enzyme inhibitors (ACEIs) appear to be small. In the study by Gupta et al, perindopril treatment did not affect platelet indices. 41 Other studies of the ACEI quinapril and the ARB losartan 42 similarly have shown little effect on MPV. This is quite consistent with our findings as ACEIs and ARBs did not show a significant effect on MPV (P=0.291 and 0.106, respectively).
Analysis of the effects of antihypertensive medications in diabetic hypertensive patients in our study elicited that the use of indapamide may be preferable to the use of thiazides because it is associated with comparable RDW and MPV in healthy subjects. For the same reason, the combination therapy of thiazides and ARBs may also be 
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red cell distribution width in type 2 diabetes patients preferable to the combination of indapamide and ACEI (Table 5) .
In our study, platelet count inversely correlated with TGs and directly correlated with HDL (P=0.015 and 0.008). In another study, platelet count was correlating negatively with TGs in hypertriglyceridemia (r=−0.489, P,0.05). 43 This is in agreement with our study results (r=−0.1, P=0.015), which state that the higher the TGs, the lower the platelet count.
Both Santimone et al 44 and Papatheodorou et al 45 demonstrated a positive association between WBC and platelet counts. In our study, WBC count was positively associated with RDW and platelet count (P=0.01), although the association with RDW did not reach a statistical significance (P=0.059). No association was found between WBC count and MPV (P=0.542) or MCV (P=0.562), although the relation between WBC count and MPV was reported by Santimone et al. 44 The association of platelet count and RDW with WBC count may underline the role of both platelets and erythrocytes in inflammation.
No association was found between WBC count or platelet count and the FPG, BMI, or lipids in the study conducted by Papatheodorou et al. 45 This is in agreement with our report apart from the relation to lipids. Our study revealed a strong negative correlation between WBC count and LDL (r=−0.152, P=0.008) and T-Ch (r=−0.155, P=0.007). This seems a paradox, which advocates further investigation.
In the study conducted by Tong et al, 12 subjects with higher WBC counts had longer disease duration, higher SBP, DBP, BMI, HbA1c, FPG, LDL cholesterol, TGs, and lower HDL.
In consistence with the findings of Tong et al, 12 our study results demonstrated a positive correlation between WBC count and duration of diabetes (P=0.049). However, the association between WBC count and T-Ch and LDL was an inverse one. We did not find a significant association with any of the FPG, HbA 1c , TG, SBP or DBP, and WBC count.
Pre-and postmenopausal females had higher RDW, platelet count (P,0.0001 and 0.002, respectively) and smaller MCV (P=0.001) than males. Higher platelet count in women cannot be explained by the different hormonal profiles or a compensatory mechanism associated with menstrual blood loss because the difference was persistent regardless of the woman's age.
Lippi et al found higher RDW in nondiabetic men than women. 26 Some researchers found no correlation and no statistically significant differences in MPV between both sexes. 46 Achie et al, in agreement with our report, did not find a significant difference in RBC indices or MPV between preand postmenopausal women. 47 
Conclusion
RDW, an RBC index, is uprising as a new marker associated with higher mortality in health and disease. Studying RDW in diabetes delineated higher RDW values than in healthy population. In diabetic patients, the glycemic control does affect the RDW. Good glycemic control is associated with lower RDW than in patients with poor control. Both RDW and BMI are directly and significantly associated. This positive correlation may strengthen the notion that RDW is an inflammatory marker, as obesity is considered as a state of subclinical inflammation. Diabetic hypertensive patients receiving antihypertensive therapy in the form of indapamide or the combined therapy of thiazides and ARBs have RDW values comparable to those of the healthy population. None of the studied hypoglycemic agents showed a significant effect on RDW.
The study in our population can be considered as an initial one that necessitates further studies to define the relation between RDW and different diabetic complications and its prognostic value. Further studies are also required to define specific values of the RDW to indicate specific risks in diabetic patients.
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